Controlling the metabolic flux through the carotenoid pathway using directed mRNA processing and stabilization.
A synthetic operon containing the crtI and crtY genes, encoding the phytoene desaturase and the lycopene cyclase, respectively, was placed under the control of the araBAD promoter. DNA cassettes encoding mRNA secondary structures were placed at the 5' and 3' ends of the genes and a putative RNase E site was placed between the genes. This construct was transformed into Escherichia coli cells harboring the genes for phytoene production. By varying the mRNA secondary structures, we were able to modulate the flux through the carotenoid pathway, resulting in a 300-fold variation in the production of beta-carotene relative to lycopene. In addition, intermediates in the pathway from phytoene to beta-carotene production that are not observed in cells expressing the recombinant operon were observed when the engineered operons were used, indicating that changes in levels of the enzymes affected the formation of intermediates. These results indicate that it is possible to coordinately regulate the genes encoding the enzymes of a metabolic pathway and balance the production of the intermediates.